We performed a quantitative study of some planktonic foraminifer species from Integrated Ocean Drilling Program Site U1313 to define main biostratigraphic events. Some of these events were characterized by large changes in species abundance rather than their first or last occurrences. Changes in relative abundances of planktonic foraminifers were compared to the color reflectance and magnetostratigraphic records measured at this site. We obtained astronomical ages for all these events through calibration to the isotope timescale. Comparison of these ages with the astronomical dates derived from the Mediterranean indicates that most of the events were synchronous in the mid-latitudes of the North Atlantic and the Mediterranean.
Introduction
Planktonic foraminifers have been very useful in elaborating biostratigraphic studies for the Pliocene and Pleistocene in the North Atlantic (Berggren, 1984; Berggren et al., 1985; Clement, 1986, 1987; Raymo et al., 1989) . Most of these studies are based on the distribution of some species of Globorotaliids, such as Globorotalia puncticulata, Globorotalia margaritae, Globorotalia inflata, or Globorotalia truncatulinoides, as well as Neogloboquadrina pachyderma sinistral or Neogloboquadrina atlantica. Some of these species, however, show a preferential habitat in the temperate and subtropical regions, and consequently their distribution is not synchronous throughout the North Atlantic. This is the case with G. margaritae, which disappeared first from the northern latitudes of the North Atlantic (Weaver and Clement, 1986 ). Other species, such as G. truncatulinoides or G. puncticulata, are rarely distributed in the northernmost regions of the North Atlantic, and therefore their use is limited to the mid-latitudes.
Globorotaliids were also used to construct biostratigraphic scales in the Mediterranean (Cita, 1973; Iaccarino, 1985) . Biostratigraphic events in this region were calibrated to the astronomical timescale through the tuning of rhythmic sedimentary cycles to astronomical solutions (Hilgen, 1991a (Hilgen, , 1991b Lourens et al., 1996a Lourens et al., , 1996b Lourens et al., , 1998 , which gave very accurate ages with a precision lower than a precession cycle.
In this study we performed a quantitative study of some planktonic foraminifer species from Integrated Ocean Drilling Program Site U1313 in order to define and locate the main biostratigraphic events for this site and to compare these ages with the astronomical dates derived from the Mediterranean cyclical sections.
Methods
Samples from Site U1313 were washed through a 150 µm sieve, and the residue was split as many times as necessary to obtain an aliquot of between 300 and 600 specimens. Using a stereomicroscope, we identified the planktonic foraminifer specimens following the taxonomic concepts of Kennett and Srinivasan (1983) in order to estimate the relative abundance of those species that are relevant to elaborate the biostratigraphic framework.
Results and discussion
Our study shows the evolution of relative abundances of some planktonic foraminifer species through time with special emphasis on the first or last occurrences of these species (Figs. F1, F2 ). The interval of study extends from the early Pliocene to the present. See Table T1 for quantitative data.
Early Pliocene events
The latest Miocene to early Pliocene interval is dominated by the presence of G. margaritae, which is relatively abundant from the base of this site (Fig. F1) . We recognized the last occurrence (LO) of this species between 185.29 and 182.25 meters composite depth (mcd). It never reached percentages above 10% of the assemblage. Because of the low resolution of our study for this part of the record, we are not able to accurately locate this event.
We also analyzed the early Pliocene abundance of G. puncticulata. The first occurrence (FO) of this species, which is a very useful event in the North Atlantic, was located between 213 and 207 mcd, and the LO was located between 114.6 and 115.02 mcd (Fig. F1) . This species shows high percentages during the Pliocene, reaching >30% of the total assemblage immediately above its FO. An interval in which this species is completely absent was observed in the middle part of its time range (Fig. F1) . This absence allowed us to define two bioevents: (1) the temporary disappearance of G. puncticulata located between 168.92 and 164.97 mcd, and (2) its reappearance located at 153.8 mcd. Immediately after its reappearance, again G. puncticulata abundance reached very high percentages (Fig. F1) .
Late Pliocene-early Pleistocene events
We analyzed the late Pliocene and Pleistocene quantitative changes of G. inflata, G. truncatulinoides, and N. pachyderma sinistral (Figs. F1, F2 ). These three species appear for the first time near the Pliocene/Pleistocene boundary.
After the LO of G. puncticulata, the Globorotaliids are almost absent from this site until the FO of G. inflata, located at 106.17 mcd, although only one specimen was found at this level. A short peak in abundance of this species appears at 101.73 mcd, followed by very low abundances. The sharp increase in abundance observed at 98.23 mcd was used to define the first abundant occurrence (FAO) of G. inflata (Fig. F1) . From this level uphole G. inflata abundance varies greatly, reaching percentages >40% of the assemblage during some intervals.
N. pachyderma sinistral is present at low percentages in the Pliocene and earliest Pleistocene and becomes very abundant between 82.43 and 83.92 mcd (Fig.  F2) . We used this change in abundance to define the FAO of this species. In addition, we studied the abundance of N. pachyderma dextral to calculate the percentage of N. pachyderma sinistral with respect to the total number of Neogloboquadrinids. The percentage of sinistral Neogloboquadrinids is very low during the Pliocene and earliest Pleistocene and then suddenly changes at 82.43 mcd because of the large increase in abundance of N. pachyderma sinistral (Fig.  F2) .
We recognized a relatively long interval in which N. pachyderma sinistral is rare or absent that was used to define two new bioevents (Fig. F2) . The temporary reduction in abundance of the species was observed between 66.4 and 64.85 mcd, whereas the increase in abundance was located between 56.35 and 57.85 mcd. In this interval with very low values of N. pachyderma sinistral, the dextral Neogloboquadrinids become dominant (Fig. F2) .
Finally, we identified the FO of G. truncatulinoides between 94.81 and 96.31 mcd. This species does not reach percentages above 4% of the assemblage and is absent in many samples after its FO. Consequently, the accurate location of this bioevent should be analyzed with caution.
Astronomical age of bioevents
In Figure F3 we show the position of the bioevents defined in this study with respect to the magnetostratigraphic and lightness records measured at Site U1313 (Expedition 306 Scientists, 2005) . The lightness record was correlated by Stein et al. (2006) to the global benthic oxygen isotope stack of Lisiecki and Raymo (2005), assuming that increasing lightness, which reflects higher carbonate values, correlates with interglacial isotope stages. In this way, we accurately correlated our events with the global isotope timescale.
Most of these events have been previously recorded in Mediterranean rhythmic sections and were calibrated with the geomagnetic polarity timescale and astronomical polarity timescale (Lourens et al., 1996a (Lourens et al., , 1996b (Lourens et al., , 1998 . By comparing our records with those of the Mediterranean we were able to analyze the timing of these events at the site's latitude with the ages derived from the astronomically dated Mediterranean sections.
FO of Globorotalia puncticulata
This event was reported in the Mediterranean during insolation cycle (i-cycle) 435 (Lourens et al., 1996a) with an age of 4.52 Ma. It occurred two i-cycles below the top of the Nunivak Chron (i-cycle 433). At Site U1313 this event is located at a depth very close to the top of the Nunivak Chron (~209 mcd) and is related by Lourens et al. (1996a) with isotope Stage N1-N2.
LO of Globorotalia margaritae
This bioevent is located in the Mediterranean within the upper part of the Gilbert Chron at i-cycle 367 with an age of 3.81 Ma (Lourens et al., 1996a) and was correlated with isotope Stages Gi16-Gi15. At Site U1313 we observed this event toward the middle part of Chron Gilbert. According to preliminary correlations between the lightness record from Site U1313 and the global oxygen isotope stack (Lisiecki and Raymo, 2005) , the LO of G. margaritae at Site U1313 is located at a depth very close to the position of isotope Stage Gi16, indicating that this event can be isochronous between the Mediterranean and the North Atlantic at the latitude of this site.
Disappearance of Globorotalia puncticulata
This event has been observed in the Mediterranean during i-cycle 344 with an age of 3.57 Ma, only two i-cycles above the Gilbert/Gauss Chron boundary. This reversal is recorded at Site U1313 at ~170 mcd, between 1 and 5 m below the location of this bioevent. According to preliminary correlations with the global oxygen isotope stack, this event is located at Site U1313 within the interval range of isotope Stages MG7-MG11 (Fig. F3) . This bioevent was correlated with isotope Stage MG8 by Lourens et al. (1996a) . Although the low resolution of our study for this part of the record does not allow an accurate location, our preliminary data suggest this event seems to be isochronous between the Mediterranean and Site U1313.
Reappearance of Globorotalia puncticulata
This event was astronomically dated in the Mediterranean at 3.31 Ma and corresponding to i-cycle 317, which is two i-cycles above the bottom of the Mammoth Chron (i-cycle 319). This corresponds to isotope Stage M2-M3 according to Lourens et al. (1996a) . The event's location at Site U1313 was observed immediately above the bottom of the Mammoth Chron and coinciding with prominent glacial isotope Stage M2 (Fig. F3) . This demonstrates that this event is synchronous between the Mediterranean and the North Atlantic at mid-latitudes.
LO of Globorotalia puncticulata
The astronomical age for this event in the Mediterranean is 2.41 Ma. It occurred during i-cycle 230, which is well above the Gauss/Matuyama Chron boundary. In this study we observed this event at the base of isotope Stage 95 (Fig. F3) according to the age model of Stein et al. (2006) . Its age, based on the correlation to Lisiecki and Raymo (2005), is 2.418 Ma, which is exactly the same age as that reported for the Mediterranean. Furthermore, Lourens et al. (1996a) already related this event to isotope Stage 95.
FAO of Globorotalia inflata
As shown in Figure F3 , this event is related to isotope Stage 78 based on the age model proposed by Stein et al. (2006) . This event was dated at 2.09 Ma by Lourens et al. (1996a) and related to i-cycle 203, which is three i-cycles above the top of the Reunion Chron. The FO of G. inflata in the Mediterranean is correlated with the FAO of the species at Site U1313 and was related with exactly the same isotope stage.
FAO of Neogloboquadrina pachyderma sinistral
This bioevent at Site U1313 lies within isotope Stages 63-64 (Fig. F3) . In the Mediterranean it was reported during i-cycle 175 and was correlated with isotope Stage 64 with an age of 1.8 Ma (Lourens et al., 1996a) . It occurred during the Olduvai Chron, only one i-cycle below the top of the chron. This reversal at Site U1313 is at 82.82 mcd, ~1 m above the FAO of N. pachyderma sinistral, which indicates that this event is located in the uppermost part of the Olduvai Chron.
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Reduction of Neogloboquadrina pachyderma sinistral
Previous studies identified an interval in the midPleistocene with very low abundances of N. pachyderma sinistral both in the Mediterranean (Lourens et al., 1996a (Lourens et al., , 1996b (Lourens et al., , 1998 
Increase of Neogloboquadrina pachyderma sinistral
The interval with low percentages of N. pachyderma sinistral ends with a sudden increase in abundance of this species during glacial isotope Stage 36 (Fig.  F3) . This was observed in the Mediterranean and the North Atlantic (Lourens et al., 1996a (Lourens et al., , 1996b (Lourens et al., , 1998 Raymo et al., 1989 
FO of Globorotalia truncatulinoides
We observed this event within isotope Stage 77, ~2-3 m below the bottom of the Olduvai Chron (Fig. F3) . The age of this event, according to the age model of Stein et al. (2006) , is 2.03 Ma. This event was not recognized in the Mediterranean.
Conclusions
Based on the quantitative analysis of some species of Globorotalia and Neogloboquadrina, we identified a series of bioevents at Site U1313 during the Pliocene 
